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cal  form  of  response  function.  Since  such  items  may  occur  in  practice,  it  is 
desirable  that  item  response  models  satisfy  this  condition.  For  models  with 
two  parameters  per  item,  the  most  general  functional  form  satisfying  this 
condition  is  found.  A  third,  'guessing'  parameter  may  be  added.  The  cor- 
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Conjunctive  and  Disjunctive  Iten  Response  Functions 

Abstract 

^  Given  that  the  examinee  knows  the  answer  to  item  i  if  and 
only  if  he  knows  the  answer  to  both  item  g  and  item  h  ,  a 
'conjunctive*  item  response  model  is  found  such  that  items  g  ,  h 
and  1  all  have  the  same  mathematical  form  of  response  function. 
Since  such  items  may  occur  in  practice,  it  is  desirable  that  item 
response  models  satisfy  this  condition.  For  models  with  two 
parsmeters  per  item,  the  moat  general  functional  form  satisfying 
this  condition  is  found.  A  third,  'guessing*  parameter  may  be 
added.  The  corresponding  disjunctive  model  is  also  derived. 
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Conjunctive  end  Disjunctive  Item  Response  Functions* 

Consider  two  free-response  spelling  items  that  ask  the 
examinee  to  spell,  respectively,  the  word  wife  and  the  word  house. 
Now  consider  a  free-response  spelling  item  that  asks  the  examinee 
to  spell  the  word  housewife.  Assume  that  an  examinee  will  answer 
the  third  item  correctly  if  and  only  if  the  examinee  would  answer 
both  of  the  first  two  items  correctly.  If  so,  then 

P3(0)  -  (1) 

where  0  is  the  ability  of  the  examinee  and  P^CS)  is  the  item 
response  function  for  (probability  of  giving  a  correct  answer  to) 
item  1  . 

Kristof  (1968)  pointed  out  that  it  is  highly  desirable  that 
P1  ,  P2  t  and  P3  should  all  have  the  same  methemetical  fora, 
but  that  this  condition  is  not  satisfied  by  the  usual  logistic  or 
normal  ogive  models  in  item  response  theory  (IRT).  He  derived  one- 
parameter  families  of  item  response  function,  P(6)  ,  satisfying 
(1),  stating  that  this  result  "is  attainable  if  and  only  if  all 
itea  (responsej  functions  are  powers  of  each  other....  The  model 

*This  work  was  supported  in  part  by  contract  N00014-83-C-0457 , 
project  designation  NR  150-520  between  the  Office  of  Naval  Research 
and  Educational  Testing  Service.  Reproduction  in  whole  or  in  part 
is  permitted  for  any  purpose  of  the  United  States  Government. 
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rulss  out  normal  ogives  as  wall  aa  logiatic  functions  as  possible 
item  [response]  functions. ..." 

More  recently  Yen  (1984)  discussed  certain  difficulties 
encountered  in  vertical  equating  using  a  logistic  model.  She 
"hypothesised  that  [these  difficulties]  occur  because  the  items 
Increase  in  complexity  as  they  increase  in  difficulty."  Such 
problems  might  be  avoided  if  the  model  P(6)  satisfying  (1)  were 
used. 

In  Kristof *s  study,  each  item  is  characterised  by  a  single 
item  parsmeter.  Here,  Kristof 's  result  is  generalised,  using  a 
different  approach,  so  as  to  allow  items  to  differ  in  each  of  two 
parameters. 

Necessary  Condition  for  Solving  the  Functional  Equation 

Suppose  the  item  response  function  for  any  item  has  the  form 
P(a*,b*,9)  :  it  is  a  function  of  9  characterised  by  two  item 
parameters,  a*  and  b*  .  Denote  the  values  of  a*  and  b*  for 
item  1  by  a  and  b  ;  for  item  2,  by  A  and  B  ;  for  item  3  by 
a  and  0  .  Then  (1)  becomes 

P(a,b,9 )P(A,B,8)  i  P(o,0,0)  .  (2) 

If  such  an  identity  is  to  hold  for  all  9  ,  a  ,  b  ,  A  ,  B  , 
a  ,  and  0  ,  it  la  necessary  that  the  item  parameters  o  and  0 


be  function*  of  •  ,  b  ,  A  ,  and  B  (itea  parameter*  by 
definition  do  not  depend  on  6  ): 

a  =  a(a,b,A,B)  and  0  =  0(a,b,A,B)  . 


Define  L(a*,b*,9)  s  log  P(a*,b*,8)  .  From  (2) 


L(a,b,9)  +  L(A,B ,8)  5  L<<*,0,8)  . 


This  is  a  functional  equation  in  five  variable*  and  three  unknown 
function* ,  L(  )  ,  a(  ),  and  0(  )  . 


Take  the  derivative  of  this  with  respect  to  a  ,  to  b  ,  and 


to  A  : 


Lm(atb,e)  5  L°(a,0  ,8)a*  +  L*(a,0,8)0a  , 


Lb(a,b,8)  5  L° Co ,0  ,8 )ab  ♦  La(a,0,8)0b  , 


LA(A,B,8)  s  La<a,0,8)«A  +  LP<a,0,8)0A  , 


where  each  superscript  denote*  a  derivative:  for  example. 


a*  i  9a(a,b,A,B)/da  .  Continuity  and  differentiability  of 
function*  are  assumed  a*  needed  here  and  in  the  following  derivation*. 

Given  any  fixed  set  of  value*  of  the  three  variables  o  ,  0  , 
and  9  ,  both  L°(a,0,9)  and  L^(a,0,0)  are  fixed.  Equation*  (5) 
are  then  three  nonbomogeneou*  linear  equation*  relating  La 
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end  Lp  .  These  three  equetlons  will  be  inconsistent  unless  the 


augmented  aetrlx 


o*(e,b,A,B)  &*(a,b,A,B)  La(e,b,8) 
ab(s,b,A,B)  Bb(s,b,A,B)  Lb(e,b,6) 


aA(a,b,A,B)  BA(e,b,A,B)  LA(e,b,6) 


is  elngulsr.  Therefore  the  corresponding  determlnent  nust  vanish: 


(e*lb  -  «bB*)LA  ♦  (ebfA  -  eS^L*  +  (oS*  -  o*BA)Lb  s  0 


■•write  this  as 


Me,b^vB)LA  1  f(s»b,A,B)L*  ♦  f<s,b,A,»)Lb 


This  ceeelt  accomplishes  the  ellelnstloe  L*  end  L*  free 


Immediate  consideration. 

Given  sap  fixed  set  of  values  of  a  ,  b  ,  and  •  ,  both 
L*  aad  Lb  are  fixed.  it Ion  (6)  expresses  a  linear  relationship 
between  l*  aad  Lb  .  This  relationship  east  held  as  (A,B) 
takes  on  different  values  (A^Bj),  (Aj.Bj),  (Aj.Bj),  ...  .  Thus 
(i)  repreeeets  an  (Infinite)  set  of  linear  noabeaogeneous  aquations 
relating  L*  and  Lb  •  These  equations  will  be  Inconsistent  if 
the  augnented  aetrlx. 


•  v-'. 
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f(*,b,A1,»1)  fU.b.Aj.Bj)  h(s,b,A1,Bl)LA(A1,B1,e) 

^(•tb.Aj #Bj)  sC^tbfAj  jBj)  h(s»btA2  jBj)!*  (A2»B2»6) 

fts.b.Aj.Bj)  g(s,btA3  ,Bj)  Mm.b.Aj  .B^L^Aj  ,B3 ,0) 


Is  of  rank  3.  Thus  (using  an  obvious  notation)  the  determinant 

^*1*2  ”  f2gl)h3L3  +  ^f3gl  ”  *1 +  ^f2g3  "  f3g2^hlLl  5  0 

(7) 

This  result  accomplishes  the  elimination  of  L*  and  Lb  from 
immediate  consideration. 

Given  any  fixed  set  of  values  of  a  ,  b  ,  Aj  ,  ,  Aj  , 

Bj  ,  Aj  ,  and  B3  ,  the  f  'a,  g  'a,  and  h  's  in  (7)  are  fixed. 
Equation  (7)  must  still  hold  for  6  ■  °i>02*°3****  *  Thu* 
represents  an  (infinite)  set  of  homogeneous  linear  equations  in  the 

three  fixed  quantities  (fjg2  “  f2gl*h3  *  ^f3gl  “  flg3*h2  *  *°d 
(£7*3  -  f382)bj  •  Such  equations  can  be  consistent  only  if  the 
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L^Aj.Bj.ep  L^Aj.Bj.Sj)  L^Aj.Bj.ej) 

LA(Aj,Blt02)  ^(Aj.Bj.Bj)  LA(A3,B3,02) 

L^.Bj.Oj)  L^Aj.Bj.flj)  LA(A3,B3,e3) 

•  •  • 

•  •  • 

•  •  • 

Is  of  less  than  full  rank.  If  the  equations  are  consistent,  the 
third  row  of  the  matrix  must  be  linearly  dependent  on  the  first  two 
rows:  In  other  words  LA(A,B,83>  must  be  a  linear  function  of 
LA(A,B,e2)  and  L^A.B.Sj)  . 

This  conclusion  Is  a  contradiction,  since  0^  is  arbitrary  and 
cannot  be  expressed  as  a  function  of  0^  and  02  .  Thu*  the  premise 
that  the  equations  are  'consistent*  must  be  false.  This  proves  that 
when  0  varies,  (7)  represents  a  set  of  'Inconsistent'  equations, 
according  to  common  terminology.  This  does  not  mean,  however  than 
(7)  Is  Invalid:  the  'Inconsistent'  homogeneous  linear  equations 
will  be  satisfied  provided 

(flg2  “  f2*l)h3  5  <f3gl  “  flg3)h2  S  (f2g3  “  f3g2)hl  50  *  (8> 

This  proves  that  If  differentiable  functions  satisfying  (4)  exist, 
then  the  f  ,  g  ,  and  h  must  satisfy  (8).  According  to  (8)  and 
(7) ,  either 
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(Case  1)  h(a,b,A,B)  =  0  ,  or 

(Case  2)  h(a,b,A,B)  la  nonzero  but  g(a,b,A,B)  =  0  and/or 
f(a,b,A,B)  s  0  ,  or 

(Case  3)  f/g  is  Independent  of  A,B  : 


^a.b.Aj.Bj)  f(a,b,A2,B2) 
g(a,b,A*fB1)  S  g(a,b,A2,B2)  3  FlU,b) 


(9) 


where  F^(a,b)  denotes  a  (more  or  less)  arbitrary  function 
of  a  and  b  only. 

If  Case  1  were  to  hold,  then,  froa  the  definition  of  h  In 

(6), 


But  for  fixed  A  ,  B  ,  this  is  the  Jacobian  of  the  transformation 
a  =  a(a,b)  ,  0  =  0(a,b)  .  When  the  Jacobian  is  zero,  a  and  0 
do  not  vary  Independently.  In  the  present  problem,  this  would 
mean  that  for  fixed  A  ,  B  ,  L(a,0,0)  Is  only  a  one-parameter 
family,  and  thus  that  P(o,0,6)  is  only  a  one-parameter  family 
of  item  response  functions.  This  is  contrary  to  the  original 
requirements,  so  Case  1  is  inappropriate. 
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Case  2  will  be  treated  later.  The  remaining  possibility  is 
given  by  (9).  Substitute  (9)  into  (6),  obtaining 


h(a,b,A,B)LA(A,B,0)  =  gU,b,A,B)[F1(a,b)L*(a,b,e) 


+  LD(a,b,0)l  . 


Denote  the  quantity  in  brackets  by  F2(a,b,0)  .  Take  the 
logarithm  of  the  absolute  value  of  both  sides: 


log|h|  +  *A  5  log | g |  +  f2 


where  =  log|LAj  and  f2  s  log|F2|  .  Differentiate  (10)  on  0  : 

*®(AfB,0)  =  f2(a,b,0 )  .  (11) 


Now  the  left  side  of  (11)  is  not  a  function  of  a  or  b  ,  the 
right  side  is  not  a  function  of  A  or  B  .  It  follows  that  each 
side  must  be  Independent  of  all  four  variables  a  ,  b  ,  A  ,  B  . 


i”(A,B,0)  5  9,(0)  , 


a  (more  or  less)  arbitrary  function  of  0  only. 
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Integrate  (12)  on  0  : 

tA(A,B,e)  =  *2(e)  +  f3(a,b)  , 

where  $2(0)  s  /$^(0 )d0  and  F^CA.B)  Is  the  'constant  of 
integration. '  Exponentiate ,  obtaining 

LA(A,B,0)  =  exp[*2(0)  +  F3(A.B)] 

LA(A,B,0)  5  f4(a,b)*3(0) 

where  F^  and  are  (nore  or  less)  arbitrary  nonnegative  functions. 

Integrate  on  A  to  find,  finally 


L(A,B,0)  5  F5(A,B)*3<0)  +  G^B.0)  ,  (13) 

where  F3(A,B)  =  / F^(A,B)  dA  and  Gj(B,0)  is  the  constant  of 
integration,  both  (aore  or  less)  arbitrary  functions. 

The  only  remaining  case.  Case  2,  also  leads  to  (13),  as  will  now 
be  shown.  If  both  g(a,b,A,B)  and  g(a,b,A,B)  were  sero  in  Case  2, 
(6)  would  become 
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Since  h(  )  is  nonzero  in  Case  2,  this  would  imply  LA  ■  0  .  But 
=  0  means  that  the  log  of  the  item  repsonse  function  does  not 
vary  with  A  ,  a  special  limiting  situation  of  no  general  interest 
here.  The  only  interesting  alternatives  under  Case  2  is  that 
either  f  ■  0  or  else  g  ■  0  ,  but  not  both. 

When  g  =  0  ,  h  *  0  ,  and  f  *  0  ,  then  (16)  becomes 

hLA  =  fLa  . 


Take  the  logarithm  of  the  absolute  value  of  both  sides  and  then 
differentiate  on  0  to  find 


This  is  equivalent  to  (11).  Thus  Case  2  with  g  =  0  also  leads 
to  (13). 

The  remaining  possibility,  that  f  =  0  ,  h  *  0  ,  and  g  *  0 
(in  Case  2)  also  leads  to  (13),  except  that  a  and  b  ,  also  A  and 
B  ,  and  also  a  and  0  are  Interchanged.  Since  the  original  problem 
is  Invariant  under  this  Interchange,  (13)  will  still  apply,  given  an 
appropriate  initial  choice  of  parameter  assignment.  Thus  with 
suitable  parameter  assignment,  (13)  determines  a  specific  form  of 
L(  ,  ,  )  that  is  necessary  (but  not  yet  sufficient)  for  satisfying  (4) 
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Necessary  and  Sufficient  Condition  for  a  Solution 


Using  (13) ,  dropping  numerical  subscripts  and  rearranging,  (4) 
can  now  be  written 


lF5(a,b)  +  f5(a,b)  -  F5(o,S)]43(0)  2  G^S.e)  -  Gj(b,0)  -  GjU.e) 


Now,  4^(6)  is  not  identically  zero,  since  by  (13)  this  would  make 
make  L(A,B,0)  and  hence  L(a,0,0)  independent  of  A  .  Divide  by 

t 

(14)  by  43(0)  : 


F5(a,b)  +  F5(A,B)  -  F5(a,0)  S  G2(B,0)  -  G2(b,0)  -  G2(B,0)  , 

(15) 

where  G2(  )  s  Gj(  )/$3(0)  .  Differentiate  on  0  : 


G®(0  ,0)  =  G®(b,0)  +  G®(B,0)  . 


Since  the  right  side  is  independent  of  a  and  A  ,  0(a,b,A,B)  must 
be  also.  Hereafter  the  notation  B(b,B)  will  be  used. 

Differentiate  (16)  on  b  to  find: 


G28(0,O)0b  5  G®b(b,0)  . 
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Take  the  logarithm  of  the  absolute  value  of  both  sides: 

iog|eb|  +  gg$tt.e>  s  g8b(b,e)  . 

8b 

where  =  log Ig”  |  ,  and  g^^  likewise.  Differentiate  on 
6  : 

4e<»-,> 5  «Sb(l-9>  • 

Repeat  the  foregoing  operations  on  (IS),  switching  the  roles 
of  b  and  B  to  find 


4(s’e>  2  4,<,>e>  • 

0 

Eliminate  from  the  last  two  equations,  obtaining 

4b<b-9>  5  «6B<9-9)  * 

Since  the  left  side  is  not  a  function  of  B  end  the  right  side 
is  not  a  function  of  b  ,  it  is  seen  that  each  side  is  a  function 


Itea  Response  Functions 

15 

4b<b,«)  I  »,<•>  , 

osy. 

Integrate  this  on  6  : 

g0b(b,8)  s  p2(8)  +  kj(b)  , 

where  p2(8)  =  /p^(8 )d8  and  k^(b)  la  the  constant  of 
integration.  Exponentiate: 

|G®b(b,8)|  S  exp[p2(8)  +  kj(b)J 
G®b(b,8)  =  k^bHjte)  . 

Integrate  on  b  and  then  on  8  : 

G®(b,e)  =  kjCbj^ce)  +  Xl(e)  , 

G2(b,8)  =  k3(b)p4(6)  +  x2(e)  +  k4(b)  . 


Thus ,  finally,  by  the  relation  of  G,  to  G.  , 
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GjCb.e)  s  k3(b)p5(6)  +  k4(bH3(0)  +  *6(e)  .  (17) 

From  (13)  and  (17), 

L(A,B,8)  s  F5(A,B)#3(8)  +  k3(B)*5(8)  +  k4(B)03(8)  +  *6(«) 
s  F6(A,B)04(8)  +  k3(BH5(0)  +  *6(e)  . 

From  this  and  (4) 

[F6(a,b)  +  F6(A,B)l04(8)  +  IkjttO  +  k3(B)]*5(8) 

5  F6(o^H4(8)  +  k3(B)03(8)  -  p6(8)  . 

This  shows  that  4^(8)  Is  a  linear  function  of  04  and  4)5(0)  • 

♦6(0)  5  G04(8)  +  K*5(8)  , 

where  C  and  K  are  constants  (since  41^(8)  does  not  depend  on 
a  ,  b  ,  A  ,  B  ).  Substitute  this  Into  each  of  the  two  preceding 
equations,  replace  +4(8)  by  8(0)  ,  85(0)  by  T(8)  ,  and 
k  (  )  by  G(  )  ,  dropping  numerical  subscripts  to  obtain  finally 
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L(A,B,0)  =  F(A,B)8(0)  +  G(B)f(8) 


[F(a,b)  +  F(A,B)]*(8)  +  [G(b>  +  G(B)]¥(0) 


F(a,B)8(8)  +  G(&)¥(8)  . 


For  equality  to  bold  in  (19),  it  is  necessary  that  B(b,B)  = 
G~*[G(b)  +  G(B)]  where  G  *(  )  is  the  inverse  function  of  G(  )  . 
Also  that 


a(a,b,A,B)  =  P8Cb.B)IF<*>b>  +  KA’,)1 


where  F”^b  is  the  inverse  function  defined  for  each  given  b 
by  F^lFU.b)]  s  a  . 

The  solution  to  (2)  is  found  by  exponentiating  (18) : 

P(A,B,0)  S  exp[F(A,B)8(0 )  +  G(B)¥(8)J 


S  lf(A,B)l*(6)[g(B)]’,(0) 

5  U(0)]F(A,B>U»(8)]G<B>  , 


where  8(8)  =  log  *(8)  ,  ¥(0)  £  log  8(8)  ,  F(A,B)  s  log  f(A,B)  , 
and  G(B)  s  log  g(B)  . 
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Item  Response  Functions 


Ths  Conjunct !▼•  It—  Response  Function 

A  reparameterisatlon  of  ths  IKT  nodal  will  simplify  (20)  for 
prasant  purposas.  Da fine  naw  ltsm  parameters  by  b*  s  G(B)  , 
s'  5  F(A,B)  .  The  general  conjunctive  Item  response  function 
(20)  Is  now  simply 


p(a\b',e)  2  l4(e)i*,[p(e)]b'  . 


Without  loss  of  generality,  since  4(0)  and  p(0)  remain 
to  be  chosen,  take  s'  >  0  and  b'  >  0  .  To  be  an  Item 
response  function  (1RF),  It  Is  necessary  that  P(a',b',0)  be  a 
monotonic  Increasing  function  of  0  and  that  P(a* ,b' ,-")  -  0  , 
P(a' ,b'  ,•)»!.  If  it  Is  possible  to  have  a'  ♦  0  ,  then  4(0) 
must  satisfy  corresponding  conditions*  If  it  Is  possible  to  have 
b'  ♦  0  ,  then  4(0)  must  satisfy  corresponding  condition. 

It  will  be  assumed  hereafter  that  both  4(0)  and  4(0)  satisfy 
such  conditions* 

For  convenience,  the  primes  in  (21)  will  now  be  dropped.  If 
4(0)  «  4(0)  ,  It  would  follow  that  4(0)  =  0(0)  ,  since  otherwise 
4(")  ■  0(«*)  “  1  could  not  hold.  If  p(0)  =  4(0)  ,  then 
P(a,b,0)  s  l4(0)J  .  In  this  case,  the  reparameterlsstlon 

a"  s  a  +  b  would  reduce  P(  )  to  a  one-parameter  family.  Thus 


It  is  essential  that  4(0)  and  4(0)  should  not  be  proportional. 
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A  plausible  nodal  is  obtained  by  choosing  9(9)  9(9) 

to  be  sons  ten  parsMter  IIP.  If  the  two-parnsetar 

logistic  function  is  used,  for  example,  the  XBF  for  iten  1  is 

P(n1.*»i,9)  -  (1  +  e*08"1*)  \l  +  e"8)  1  (22) 

where  a  and  p  are  arbitrary  constants.  These  constants  aust 
be  the  sane  for  all  ltens  In  a  given  test,  but  they  can  vary 
frou  one  test  to  another.  Ideally  o  and  |i  should  be  constant 
for  all  ltens  of  a  single  type:  they  are  test  or  itan-type 
peraMters,  not  iten  paraneters. 

Up  to  this  point,  the  argunent  has  dealt  with  the  probability 
that  a  given  axanlnee  knows  the  correct  answer  to  an  Iten  or  to 
a  conponent  part  of  an  Iten.  If  the  final  Iten  Is  presented  In 
eultlple-choice  fore,  however,  the  axanlnee  nay  answer  correctly 
simply  by  random  guessing.  To  deal  with  this  situation,  a 
'guessing'  paraMter  c^  can  plausibly  be  Introduced  into  (22) , 
so  that  now 

P^*l'bl,cl*8^  *  ct  +  (*  “  ci)(A  +  e”08^)  i(l  +  *""*) 

(23) 
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This  1RF  does  not  satisfy  the  functional  equation  (2). 
Nevertheless,  (23)  aay  be  quite  appropriate;  for  example,  when 
guessing  does  not  contribute  to  the  probability  that  an  examinee 
knows  the  correct  answer  to  the  component  parts  of  the  item. 

The  Disjunctive  Item  Response  Function 

The  original  reasoning  dealt  with  situations  where  an 
examinee  would  know  the  correct  answer  to  the  actual  item  only  if 
he  knew  the  correct  answer  to  two  separate  subproblems  in  the 
actual  item.  One  can  also  imagine  situations  where  the  examinee 
will  know  the  answer  to  the  actual  item  whenever  he  knows  the 
answer  to  either  one  of  two  separate  subproblems:  In  other 
words,  there  are  two  independent  routes  to  knowing  the  answer 
to  the  actual  item.  This  is  the  disjunctive  case. 

The  corresponding  functional  equation  is  the  same  as  (2) 
except  that  Q(a,b,8)  si-  P(a,b,8)  is  substituted  for 
P(a,b,6)  : 


Q(a,b,0 )Q(A,B,0)  s  Q(a,B,8) 


The  corresponding  IRF  is  thus 


Q(e,b,8)  s  [1  -  4(8)]  X[1  -  4(8)] 


(24) 


I 

i 


(25) 


**«.*"*.«• 


^-^rivvy  *V . 


where  8(8)  end  8(8)  eetlefy  Che 
the  logistic  esse  with  guessing. 
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conditions  ss  before.  In 


Q<vbi’ci»e)  5  (1 "  ci)U  +  *o84v>  *i(1  +  *8>  bi 


Prscticsl  Implementation  end  Conclusion 


The  conjunctive  (disjunctive)  IRF's  have  one  convenient 
feature:  When  there  is  no  guessing  (  c^  ■  0  )  ,  the  probability  of 
answering  all  of  s  set  of  n  items  correctly  (incorrectly)  has 
a  nuch  simpler  mathematical  form  then  is  usually  the  esse.  For 
conjunctive  items. 


£a  Eb 

ProbUj  -  1,  Uj  -  l,...,uB  -  l)  -  [8(8)1  [8(8)1  x  . 


The  peraneters  s^  and  of  conjunctive  or  disjunctive 
items  ere  not  at  all  readily  interpreted  in  terms  of  item 
difficulty  and  item  discriminating  power.  It  is  hard  to  find  even 
a  complicated  function,  let  alone  a  simple  function,  of  a^  and 
and  b^  that  can  be  comfortably  interpreted  as  a  satisfactory 
measure  of  item  difficulty  or  of  item  discriminating  power. 
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Figure  1  shows  six  plots  of  IRF's  froa  (22)  illustrating 
various  degrees  of  skewness*  One  can,  of  course,  obtain  a  pure 
logistic  curve  froa  (22)  by  setting  either  a^  or  b^  equal  to 
sero.  It  is  also  possible  to  obtain  double  ogives  with  three 
points  of  inflexion  (not  illustrated  here). 

A  new  coaputer  prograa  has  been  written  for  simultaneous 
aaxlaua  likelihood  estlaatlon  of  the  itea  paraaeters  and  , 

the  test  paraaeters  o  and  p  ,  and  the  ability  paraaeters  6  for 
the  conjunctive  aodel  (23).  The  new  prograa  uses  fixed 
values  deteralnad  in  advance  by  a  run  of  the  data  on  the  coaputer 
prograa  LOGIST  ( Winger sky ,  1983).  Although  the  estiaates  converge 
in  any  one  coaputer  run  froa  a  given  set  of  trial  values,  the  result 
is  apparently  not  yet  useful  because  froa  different  sets  of  trial 
values  the  coaputer  reaches  different  local  naxlaa  corresponding 
to  different  asslgnaents  of  sero  velues  to  a^  or  to  b^  for 
different  subsets  of  lteas. 

The  fit  of  the  aodel  to  the  responses  of  a  group  of  exaalnees 
could  probably  be  much  improved  by  substituting  (26)  for  (23) 
whenever  an  itea  is  estlaated  to  have  a  sero  value  of  a^  or  , 
thus  assuming  that  such  lteas  are  disjunctive  lteas.  Subsequent 
iterations  of  the  estlaatlon  process  night  then  lead  to  a 
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reassignment  of  some  of  these  items  to  the  conjunctive  model  while 
other  items  might  be  transferred  to  the  disjunctive  model. 
Ultimately,  such  a  process  might  successfully  classify  all  items  as 
conjunctive  or  disjunctive  in  such  a  way  as  to  find  a  global 
maximum  of  the  likelihood  function  and  an  optimal  fit  of  the  models 
to  the  data.  It  is  not  at  all  clear,  however,  how  much  computer 
time  such  a  process  might  require. 

It  is  possible  that  the  conjunctive  and  disjunctive  models, 
baaed  as  they  are  on  relevant  psychological  considerations,  may 
provide  a  better  fit  to  real  data  than  the  usual  logistic  or  normal 
ogive  models. 
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Learning  Research  I  Developsent  Cantar 
University  of  Pittsburgh 
3739  O’Hara  Straat 
PITTSBURGH,  PA  13260 

1  Dr.  Marvin  D.  Slock 
217  Stona  Hall 
Cornall  Univarsity 
Ithaca,  NY  14833 

1  Dr.  Dart  Groan 
Johns  Hopkins  University 
Dapartaant  of  Psychology 
Charles  &  34th  Street 
Baltiaora,  HD  21218 

1  DR.  JAKES  S.  6REEN0 
LRDC 

UNIVERSITY  OF  PITTSBURGH 

'393?  O’HARA  STREET 
PITTSBURGH,  PA  13213 

1  Dipl.  Pad.  Hichael  H.  Habon 
Univarsitat  Dussaldorf 
Erziehungsuissenshaftliches  Inst.  11 
Univsrsitatsstr.  1 
D-4000  Dussaldorf  1 
HEST  GERMANY 

1  Dr.  Ron  Haableton 
School  of  Education 
University  of  Massachusetts 
Aaherst,  HA  01002 

1  Prof.  Lutz  F.  Hornke 
Univarsitat  Dussaldorf 
Erziehungsuissanschaftlichas  Inst.  II 
Univsrsitatsstr.  1 
Dussaldorf  1 
HEST  GERMANY 

1  Dr.  Paul  Horst 
677  6  Street,  1184 
Chula  Vista,  CA  90010 

1  Dr.  Lloyd  Huaphrays 
Dapartaant  of  Psychology 
Univarsity  of  Illinois 
603  East  Daniel  Straat 
Chaapaign,  1L  61820 


Private  Sector 

1  Dr.  Steven  Hunka 
Dapartaant  of  Education 
University  of  Alberta 
Edaonton,  Alberta 
CANADA 

1  Dr.  Jack  Hunter 
2122  Coolidge  St. 

Lansing,  Ml  48906 

1  Dr.  Huynb  Huynh 
College  of  Education 
Univarsity  of  South  Carolina 
Coluataia,  SC  29208 

i  Dr.  Douglas  H.  Jonas 
Advanced  Statistical  Technologies 
Corporation 
10  Trafalgar  Court 
Laurenctville,  NJ  08148 

1  Professor  John  A.  Keats 
Dapartaant  of  Psychology 
The  University  of  Neucastle 
N.S.H.  2308 
AUSTRALIA 

1  Dr.  Nilliaa  Koch 
Uhivsrsity  of  Texas-Austin 
Naasureaent  and  Evaluation  Canter 
Austin,  T1  78703 

1  Dr.  Thoaas  Leonard 
University  of  Uisconsin 
Dapartaant  of  Statistics 
1210  Hast  Dayton  Street 
Madison,  HI  33705 

1  Dr.  Alan  Lesgold 
Learning  RID  Canter 
University  of  Pittsburgh 
3939  O’Hara  Street 
Pittsburgh,  PA  15260 

i  Dr.  Michael  Levine 
Dapartaant  of  Educational  Psychology 
210  Education  Bldg. 

Univarsity  of  Illinois 
Chaapaign,  IL  61801 
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Private  SKtor 


1  Or.  Charles  Lewis 
Ficultoit  Bocialo  Netenschappen 
Rljksuniversiteit  Groningen 
Dado  Boteringestraat  23 
9712BC  Groningen 
Nether land* 

1  Or.  Robtrt  Lion 
Col log*  of  Education 
Univoroity  of  Illinois 
Urbana,  IL  81801 

1  Dr.  Robort  Locksan 
Cantor  for  Naval  Analysis 
200  North  Boaurogard  8t. 

Aloxandria,  VA  22311 

1  Dr.  Frodoric  R.  Lord 
Educational  Tooting  Service 
Princeton,  NJ  08341 

1  Dr.  Jaaes  Luasden 
Departaent  of  Psychology 
University  of  Nestern  Australia 
Nedlands  H.A.  6009 
AUSTRALIA 

1  Dr.  Sary  Narco 
Stop  31-E 

Educational  Tasting  Service 
Princeton,  M  08431 

1  Nr.  Robert  HcKinley 
Anerican  Collage  Testing  Prograes 
P.0.  Box  168 
Iona  City,  IA  32243 

1  Dr.  Barbara  Heans 
Huaan  Resources  Research  Organization 
300  North  Nashington 
Alexandria,  VA  22314 

1  Dr.  Robert  Hislevy 
711  Illinois  Street 
Geneva,  IL  60134 


1  Dr.  Nelvin  R.  Novick 
336  Lindquist  Center  for  Heasuraent 
University  of  loua 
I ova  City,  IA  32242 

1  Dr.  Jaaes  Olson 
HICAT,  Inc. 

1873  South  State  Street 
Oreo,  UT  84037 

1  Nayae  N.  Patience 
Anerican  Council  on  Education 
BED  Testing  Swvice,  Suite  20 
One  Dupont  Cirle,  NN 
Nashington,  DC  20036 

1  Dr.  Jaaes  Paulson 
Dept,  of  Psychology 
Portland  State  Unive3rsity 
P.0.  Box  731 
Portland,  OR  97207 

1  Dr.  Hark  D.  RKkase 
ACT 

P.  I.  Box  168 
loua  City,  IA  32243 

1  Dr.  Laurence  Rudner 
403  Ela  Avenue 
Takooa  Park,  HO  20012 

1  Dr.  J.  Ryan 
Departaent  of  Education 
University  of  South  Carolina 
Coluabia,  SC  29208 

1  PROF.  FUNDED  SAHEJIHA 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  TENNESSEE 
KNOXVILLE,  TN  37916 

1  Frank  L.  Scheldt 
Departaent  of  Psychology 
Bldg.  66 

6eorge  Nashington  University 
Nashington,  DC  20032 


1  Or.  H.  Alan  Niceuander 
University  of  Qklahoaa 
Departaent  of  Psychology 
Oklahoaa  City,  OK  73069 


1  Lowell  Schoer 
Psychological  h  Quantitative 
Foundations 
College  of  Education 
University  of  loua 
Iowa  City,  IA  32242 
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cq 

i  Dr.  Ka2uo  Shigesasu 

1  Nr.  Sary  Thoaasson 

7*9-24  Xugenuaa-Kaigan 

University  ol  Illinois 

i 

Fujusaua  251 

Departaent  ol  Educational  Psychology 

»■ » 

JAPAN 

Chaapaign,  IL  61820 

■V*, 

$ 

1  Dr.  Nilliaa  Sin 

1  Dr.  Robsrt  Tsutakaaa 

jg* 

Center  lor  Naval  Analysis 

Departrent  ol  Statistics 

200  North  Beauregard  Street 

University  ol  Missouri 

l 

Alexandria,  VA  22311 

Columbia,  M0  65201 

1  Sr.  H.  Mallace  Sinaiko 

1  Or.  Ladyard  Tucker 

'>/ 

Program  OirKtor 

University  ol  Illinois 

»»,*• 

Nanponer  Research  and  Advisory  Services 

Departaent  ol  Psychology 

Saithsonian  Institution 

603  E.  Daniel  Street 

801  North  Pitt  Street 

Chaapaign,  IL  61B20 

H 

Alexandria,  VA  22314 

*  '* 
sT-* 

V 

1  Dr.  V.  R.  R.  Uppuluri 

*»*'• 

1  Martha  Stocking 

Union  Carbide  Corporation 

*v. 

V/ 

Educational  Testing  Service 

Nuclear  Division 

*.* 

Princeton,  NJ  08341 

P.  0.  Box  Y 

C 

Oak  Ridge,  TN  37830 

1  Dr.  Peter  Stolofl 

Center  lor  Naval  Analysis 

1  Dr.  David  Vale 

200  North  Beauregard  Street 

Assessment  Systeas  Corporation 

£ 

Alexandria,  VA  22311 

2233  University  Avenue 

Suite  310 

1  Dr.  Hi Ilian  Stout 

St.  Paul,  NN  53114 

University  ol  Illinois 

ss 

Department  ol  Nathenatics 

1  Dr.  Nouard  Vainer 

Urban*,  IL  61801 

Division  ol  Psychological  Studies 

& 

Educational  Testing  Service 

w 

1  Dr.  Hariharan  Suaainathan 

Princeton,  NJ  08340 

ii 

Laboratory  ol  Psychoaetric  and 

Evaluation  Research 

1  Dr.  Ning-Mei  Hang 

School  ol  Education 

Lindquist  Center  lor  Measurement 

University  ol  Massachusetts 

University  ol  Iona 

£ 

Aaherst,  HA  01003 

Iona  City  ,  IA  32242 

V/ 

1  Dr.  Kikuai  Tatsuoka 

1  Dr.  Brian  Haters 

Computer  Based  Education  Research  Lab 

HuaRRO 

v 

232  Engineering  Research  Laboratory 

300  North  Hashington 

:•> 

Urbana,  IL  61801 

Alexandria,  VA  22314 

1  Or.  Maurice  Tatsuoka 

i  Dr.  David  J.  Neiss 

in 

220  Education  Bldg 

N660  Elliott  Hail 

K 

1310  S.  Sixth  St. 

University  ol  Minnesota 

Chaapaign,  IL  61820 


73  E.  River  Road 
Hinneapolii,  Ml  53433 


*5? 

1  Dr.  David  Thissen 

Departaent  ol  Psychology 

1  Dr.  Rand  R.  Hilcox 

& 

University  ol  Kansas 

University  ol  Southern  California 

h* 

Laurence,  K8  66044 

Dopartaent  ol  Psychology 

& 

Los  Angeles,  CA  90007 

$ 

& 
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I  Strut;  fttlit ary  Representative 
ATTN:  Holfgang  Sildeqrube 
Streitkraefteaet 
0-5300  Bonn  2 

4000  Brandy  tint  Strut,  NN 
Hashington  ,  DC  20016 

1  Dr.  Bruca  Killian* 

Depart tent  of  Educational  Psychology 
University  of  Illinois 
Urbans,  11  61801 

1  Its.  Marilyn  Singer  iky 
Educational  Testing  Service 
Princeton,  IU  08341 

1  Dr.  George  Hong 
Biostatistics  Laboratory 
Renorial  Sloan-Kettering  Cancer  Center 
1273  York  Avenue 
New  York,  NY  10021 

1  Dr.  Hendy  Yen 
CTB/RcGrau  Hill 
Del  Honte  Research  Park 
Ronterey,  CA  93940 


